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SHRINKAGE REDUCING ADDITIVE - 

* 

This invention relates to me preventicm of shrinkage m cementitious compositions 
and to materials for achieving this. 

A commonly-encountered problem with cementitious compositions such as 
concrete and mortar is their tendency to shrink on drying after placement This can cause 
some cracking, the presence of which can not only be unsightly but which also can allow 
the penetration of water into the cementiuous composition. This can degrade me concrete 
by, for example, freezing and thawing in winter conditions, or by allowing water and/or 
aggressive chemicals to reach steel reinforcing embedded in th e concrete, causing 
corrosion and reducing durability. 

The subject has been intensively studied and a large patent literature is evidence of 
the commonness of the problem and the desirability of solving it. 

* 

It has now been found that a particular class of materials can reduce substantially 
the drying shrinkage of cementitious compositions. The invention therefore provides a 
method of reducing the drying shrinkage of a cementitious composition to which water 
has been added and the composition placed, comprising adding to the composition prior 
to placement at least one siloxane compound mat is at least one of liquid and soluble in at 
least one of water and aqueous alkali. 

By "siloxane compound" is me ant any siloxane-based material, that is, a material having 
25 a linear or branched siloxane backbone chain of the form -SiR^-O-SiR^-O-. Any 
such material will work in this invention, provided that it is liquid or at least slightly 
soluble in at least one of water and aqueous alkali. 

a 

Preferred siloxane compounds for use in this invention are selected from ihose that 
30 correspond to the general formula 1: 



20 



1 
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QH 3 



2q 



R" 



Si— Y 



R' 



CH 3 



J 



TO 



10 where m and n are independently from 1-2000, preferably from 1-500 and more 
preferably from 1-200, a, b, and c are independently either 0 or 1 and X, Y and Z are 
selected from 



15 



20 



-O-(CH 2 )i.30-> this moiety being at least one of linear, branched and containing at 
least one ring; 

-(CHa)u3o-, this moiety being at least one of linear, branched and co ntaining at least 
one ting; 

-CH^CHj-CHz-O-; 

-CH2-CH2-CH2-O-CH2-CHOH-CH2-; 

-O^-CHa-CH^-O-CIfc-CHOH-CHa-O-; 

-CHz-CHa-CHz-O-CHa-CHOH-CHa-N-; 



25 



30 



arid R, R J and R" are independently selected from at least one of hydrogen, Cwoo alkyl, 
C6.30 aryl, C7-30 aralkylj C7.30 alkaryl; C1.30 hydroxyalkyl; C3-200 polyhydroxyalkyl; 
polyether consisting of from 2-200 identical or different Ci., 5 oxyalkylene units, with the 
proviso that, if there is present more than one type of oxyalkylene unit, there shall be 
present at least two of each unit; d.30 aminoalkyl; polyiminopolyalkylene having from 1- 
20 identieal or different Ca-is alkylene units; polyinunopolyoxyalkylene having from 1-20 
identical or different Q,, 5 oxyalkylene units; C3-30 quaternary ammonium, optionally 
completely or partially ionised with at least one anion; C4.30 betaine; carboxyl, optionally 
completely or partiaUy ionised with any suitable cation; C4.30 poiycarboxyalkyL, 
optionally completely or partially ionised with at least one cation; sulpho group, 
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opfonaily co^y OI ionisK! J7 '1 S ^ > ' 

branched and comprising at least one ring. ' 

A more preferred class of siloxane compounds comprises tho«?p of p n , r- 

b, and c are all 1 ^ v v *~ comprises those of Formula I in which a, 

o, ana c are all 1 and X s Y and Z are selected from 



20 



25 



10 



-v-^n^-, this moiety being linear or branched; 
-(CH 2 ),. 30 , } this moiety being linear or branched; 
-CH 2 -CH2-CHi-0-CH 2 .CHOH-CH 2 s 

aad R R' and R" are independent* from at least one of hydrogen- hydroxv- 

pnlyether cooking of from 2..200 identical or different c „™ n_ , * 
proviso that ff ,w, • different Cm oxyattylene units, with the 

present at least two of each unit- r\ ™.« + 

W ionised a, ,2^.^ """^ « 

W ionised with at ZZ 2 Z ' ""^ W 

ionised ^i* t Z! : Wn * tete * " P«i* 

ofHnear. ^Z^ZS^T " ^ ^ ^ " ^ ~ 

*Zair PMfeml 0lMS ^ -*« b ««— *~ . I in 

which m and n are independently selected fr«m i-jnni., 

are selected from °» a 0 ** c are all 1 and X; Y and Z 

* 

-CH 2 -CH 2 -CH 2 ^aCH2-CHOH-CH 2 -- 

and R, R' and R» are independently selected -from at leastw -nr w ^ v _ "7 

Polyether conslstmg of from 2-200 identical ox dif^ t c 

r 0UXerent oxyalkylene units, with the 
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proviso that, if there is present more than one type of oxyalkylene unit, there shall be 
present at least two of each unit; C3-30 quaternary ammonium, optionally completely or 
partially ionised with at least one anion; C4-30 betaine; carboxyl, optionally completely or 
partially ionised with at least one cation; glycldyl; and acrylate; all alkyl chains being 
5 capable of being linear or branched, 

* 

An even more preferred class of siloxane compounds comprises those of Formula I in 
which m is froitt 1-30 and n is from 1-100, a, b, and c are all 1 and X, Y and Z are 
selected from 

10 

-CKCHzW; 

-CHa-CHa-CHi-O-CHz-CHOH-^s 

15 and R, R' and R" are independently selected from at least one of hydrogen; hydroxy; 
polyether consisting of from 2-200 identical or different Qj-<s oxyalkylene units, with the 
proviso that, if there is present more than one type of oxyalkylene unit, there shall be 
present at least two of each unit; C 3 ^ 0 quaternary ammonium, optionally completely or 
partially ionised with at least one anion; Gmo betaiue and carboxyl, optionally completely 
. 20 or partially ioni$ed with at least one cation; all alkyl chains being capable of being linear 

* 

or branched. 

The siloxanes hereinabove described may be any such material known to the art. Such 
materials are well known to the art for a variety of purposes, one of these being as 
25 antifoams in various industries. The preferred materials are those where R and R' are 
methyl or ethyl, n is from 5-200, more preferably from 10-150 and most preferably from 
40-100, and m is from 1-100, more preferably from 2-40 and most preferably from 5-10, 

* 

The two different types of siloxane units may be arranged randomly or in blocks on the 
30 molecule. It is possible to utilise more than one type of moiety R". Examples of R" 
include ethylene oxide - propylene oxide copbiym^c^^om" 10 to 1 00 units. 
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composinon, Of U,ey ray be 8dded to 5uch . 



from 



further 



3 



further 



r«o„ « ^ iuvenuon, ine siioxane 

™°*T *~ —J afready 21 

emu^rfler,«,a,Miti07.nHjr be accessary. 

™ 011 , °. ,he *«** — «» - * — 

— - -» «— i to™ ,o ft e « fOT the per*™ of panicuhr ftn^, 
in art-recognised cniantitie* q^v, i . „ ^ ^ tUOTS > 



antifreeze 
reinforcing 



Cen^uW nnses to which the sis as hereinabove described have been added 
exhibit superior shrinkage characteristics, leading to better aesthetic »n 
DermeahiH#v^ • aesthetic appearance, reduced 

invention k fin** deacibad raferaloe „ following 

A polyether siloxane ("Tego" (trade mark) 2008 MR Bx r, Rm « JV . 

mM _ lvm Bx Degussa AGls used) is added to 

a concrete mix of the following composition- 
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Portland cement 450 parts by weight 
Aggregate 

04mm 770 ° 

4-Smra 440 " 

5 8-1 6mm 440 " 
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W/C ratio 0.47 

This mix is subjected to the shrinkage test of Ge; 
along with a mix that does not contain (he siloxane. 

* 

The results are as follows: 
Aflefdays) shrinkage fam/M) 







with siloxane 


without siloxane 


15 


1 


0 


0 


» 


3 


-0.119 


0.029 




7 


-0.074 


0.157 




10 


-0.006 


0.195 




14 


0.057 


0.225 


20 


28 


0.082 


0.349 




42 


0.17 


0.405 




49 


0.193 


0.418 




59 


0,167 


0.396 




70 


0,244 


0.48 


23 


SO 


0.271 


0.503 
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Claims: 



— has been added and * e p|aMd> 

^poamon prior to p,™ at .cast on. sflo^o compound that is a, ,en* one of 
l.qmd and soluble in at least one of vrater and aqueous altoli. 

2. A method according to Cain, I, ta fte ^ ^ 
that correspond to the general formula I: 



R-Xa_Si Q 




I 



CH 3 



where „ and n arc mdependently from 1-2000, preferably *om 1-500 and more 
Z^LT * ° - — 0 or 1 and X, V ^ Z are 



-O; 



-O-CCH 2 )i,30-, this moiety being at least 



one of linear, branched and containing at 



least one ring; 

-(CH 2Wj this nioiely being * Ieast 0fle of ^ ^ ^ ^ 

one rmgj 

-CHa-CHa-CHj-O-; 

-CH^-CT^^eHOH-CI^-O-; 
^Ha-CKa-CI^^-CHa-CHOH-CHz-Ns 



I 
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and R, R' and R" are independently selected from at least one of hydrogen, O.ioo alkyl, 
C<mo aryl, C7-30 aralkyl; Cv-so alkaryl; C1.3Q hydroxyalkyl; C^aoo polyhydroxyalkyl; 
polyether consisting of from 2-200 identical or different Cms oxyalkylene units, with the 
proviso that, if there is present more man one type of oxyalkylene unit, there shall be 
5 present at least two of each unit; Ci J0 aminoalkyl; polyiminopolyalkytene having from 1- 
20 identical or different C2-15 alkylene units; polyimmopolyoxyalkylene having from 1-20 
identical or different C3.15 oxyalkylene units; C^o quaternary ammonium, optionally 
completely or partially ionised with at least one anion; C4.30 betaine; carboxyl, optionally 
completely or partially ionised with any suitable cation; C4.30 polycarboxyalkyl, 

10 optionally completely or partially ionised with at least one cation; sulpho group, 
optionally completely or partially ionised with at least one cation; thiosulpho group, 
optionally completely or partially ionised with at least one cation; epoxide group; 
glycidyl; acrylate; Ci^o ester; polyester consisting of from 2-200 Ca. 13 diacid and diester 
monomer units; and esters of inorganic acids, all alkyl chains being at least one of linear, 

15 branched and comprising at least one ring. 

3. A method according to claim 2, in which the siloxane compound of formula I is such 
that a, b, and c are all 1 and X, Y and 2 are selected from 

20 -0-(CHa)i-go-, this moiety being linear or branched; 

-(CH2)i.3o-, *Hia moiety being linear or branched; 
-CH2-CH 2 -CH2-0-CH 2 -CHOH-CHz-; 

. and R, R' and R" are independently selected from at least one of hydrogen; hydroxy; 

25 polyether consisting of from 2-200 identical or different C« oxyalkylene units, with the 
proviso that, if there is present more than one type of oxyalkylene unit, there shall be 
present at least two of each unit; C 3 . 3 o quaternary ammonium, optionally completely or 
partially ionised with at least one anion; C«o betaine; carboxyl, optionally completely or 
partially ionised with at least one cation; sulpho group, optionally completely or partially 

30 ionised with at least one cation; thiosulpho group, optionally completely or partially 

♦ 

ionised with at least one catiOn;glycidyl; ana^ffla^alf alkyl chains being at least one 
of linear, branched and comprising at least one"ringc 3 ^."^ 
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4. A method according to claun 2, in w bich the siloxane compound of Formula I is such 
that m and n are independently selected from WOO. a, b, and c are all 1 and X, Y and 
Z are selected from 



-0-(CH*),.u-; 
-(CH2) W2 -; 

-C^-CHKJMa-O-CI^-CHOH-CHj-; 



and R, R* and R» are independently selected from at least one of hydrogen; hydroxy- 
polyether consisting of fron, 2^200 identical or different C« oxyalkylene units, M 
the proviso that, if there is present more man one type of oxya*ylene unit, there shall 
be present at least two of each unit; C3.30 quaternary ammonium, optionally completely 
or partially ionised with at least one anion; C„ 0 betaine; carboxyl. . optionally 
completely orally ionised with at least one cation; glycidyl; and acryiate; all alkyl 
chains being capable of being linear or branched. 




5. A method at 

. a w WWAA<A ^ in wmcn me stioxane compound _ „ 
ft*, m i S t™, and „ is fan, M0 0, K%md9mmmi 
selected from ~"~ 



-CHs-CHa-CHa-O-CHa-CHOH-CHz-; 

a«d S, K- andR" are tad^deafly Peered fi„ m « teast m of hydrogen . hyd _ 
polye^ consfattag of ^ 2 . 200 idMieaI „ ^ oxya]kyiene ^ 

4= prov*, ft*, if ft ere is pn!sait nore ^ „ ^ rf oxyaIk)rjM(! ^ ^ ^ 
b. P*** « Ieas t *™ ofeacb uo* Q. M quaen^ mmmtm 

I 1 
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6. A method according to any one of claims 1-5, in which ffaely^mded silica is added 
to the cementitious composition. 

7. A cementitious composition with reduced drying shrinkage, prepared by a method 
according to any on© of claims 1-6. 

8. A cementitious composition according to claim 7, in which decomposition 
additionally contains finely-divided silica. 
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ABSTRACT 

A method of reducing the drying shrinkage of a cementitious compositioa to which water 
has been added and the composition placed, comprising adding to the composition prior 
to placement at least one siloxane compound that is at least one of liquid and soluble in at 
least one of water and aqueous alkali. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 



Defect/ in the images include but are not limited to the items checked: 



□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLACK BORDERS 



